
Crow Creek Restoration Project 
As-Built Monitoring Report – November 2007 
 

  
 
 
 
Prepared for:  
 
Lower Clark Fork Watershed Group 
Mike Miller, Coordinator 
548 Elk Creek Road 
Heron, MT  59844 
     

 
Prepared by: 
 
River Design Group, Inc. 
5098 Highway 93 South 
Whitefish, Montana 59937 
 
 
March 2008

SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 

•

RIVER 
DESIGN 
GROU P , INC. 



Crow Creek Restoration Project    As-Built Monitoring Report 

-i-

Table of Contents 
Page 

SECTION 1.0  INTRODUCTION 1
     1.1   Construction Overview 2 

     1.2   Monitoring Goals and Objectives 2 

1.2.1  Channel Stability and Morphology 3 
1.2.2 Long-term Maintenance and Monitoring 3 

SECTION 2.0  CHANNEL DESIGN DIMENSIONS 3
SECTION 3.0  AS-BUILT MONITORING SURVEY 5

3.1    Methods 5

3.1.1 Longitudinal Channel Profile 5 

3.1.2 Channel Cross-Sections 5 

3.1.3 Channel Substrate Composition 5 

3.1.4 Bank Erodibility Monitoring and Sediment Reduction Analysis 5 

3.1.5 Photo Points 6 

3.1.6 Vegetation Monitoring 6 

3.2    Results 6

3.2.1  Channel Dimensions 6 

 3.2.2  Channel Profile 9 

 3.2.3  Substrate Particle Size Distribution 11 

 3.2.4  Vegetation  13 

3.3    As-Built and Design Dimensions 14 

SECTION 4.0  SEDIMENT REDUCTION ANALYSIS 15 

SECTION 5.0  SUMMARY 16
SECTION 6.0  REFERENCES 18

LIST OF TABLES

Table 1-1. Types and numbers of structures built in the Crow Creek project  
        area. 

2 

Table 2-1. The design bankfull cross-section dimensions for Crow Creek. 4 

Table 2-2. The design plan form dimensions for Crow Creek. 4 

Table 2-3. The design longitudinal profile dimensions for Crow Creek. 4 

Table 3-1. The as-built bankfull channel dimensions for riffle and pool   
cross-sections in Crow Creek. 

5 

Table 3-2. As-built longitudinal profile dimensions and dimensionless ratios  
for the Crow Creek project reach.  

6 

Table 3-3. As-built particle size percentile distribution for three riffle features  
in the Crow Creek project are and the coefficient of variance. 

11 

Table 3-4. Substrate particle size comparison between three riffle features 
in 2006 and three riffle features in 2007. 

12 

Table 3-6. Pool and riffle design dimensions and reach averaged values for   
  Select morphological variables.

14 

  Table 4-1. Estimated erosion in tons/year derived for the Crow Creek  
     restoration project area, existing conditions.  

14 

SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019



Crow Creek Restoration Project     As-Built Monitoring Report 

 

-ii- 

  Table 4-2. Estimated erosion in tons/year derived for the Crow Creek 
restoration project area, as-built conditions. 

15 

  Table 4-3. Sediment reduction analysis for the Crow Creek restoration  
                   project reach, existing conditions versus as-built conditions.   

15 

 
LIST OF FIGURES 

 

Figure 3-1. Typical riffle cross-sections in the Crow Creek project area. 7 

Figure 3-2. Photos of typical riffle features in the Crow Creek project area. 8 

Figure 3-3. Typical pool cross-sections in the Crow Creek project area.  8 

Figure 3-4. Photos of typical pool features in the Crow Creek project area 9 

Figure 3-5. Longitudinal profile of the Crow Creek project reach. 10 

Figure 3-6. Photos of the Crow Creek project reach. 10 

Figure 3-7. As-built particle size percentile distribution for three riffle  
                   features in the Crow Creek project area. 

12 

Figure 3-8. Substrate particle size comparison between three riffle features in  
                   2006 and three riffle features in 2007. 

13 

SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 



Crow Creek Restoration Project                                                          As-Built Monitoring Report 

1 

 

1.0     INTRODUCTION 
 
AVISTA Corporation, in conjunction with U.S. Forest Service (USFS) and Green Mountain 
Conservation District (GMCD) retained River Design Group, Inc. (RDG) to design and 
implement stream restoration activities on approximately 0.25 miles of Crow Creek near 
Thompson Falls, Montana.  An important bull trout and westslope cutthroat migratory corridor, 
Crow Creek has been substantially altered by the Bonneville Power Administration 
transmission line that extends up the lower valley bottom of the main stem from County 
Highway No. 471 to the confluence of the East and West Forks Crow Creek (upstream of 
project area).  Commercial timber harvest has occurred across the Crow Creek watershed with 
the exception of the alpine glaciated valleys in the headwaters of both forks (RDG, USGS 
2004).   
 
Historically, the Crow Creek valley bottom was dominated by dense stands of large cedar 
(Figure 1-1). Large cedar stumps within the project area provide evidence of this historical 
condition. Riparian areas in Crow Creek and within the project area have experienced 
persistent loss of vegetation from maintenance of the road system and the transmission line.  
Within the project area, riparian harvest and encroachment on the floodplain have resulted in 
loss of vegetation, bank instability, lateral migration, downcutting and increased sediment 
supply.   
 

  
Figure 1-1.  Representative channel and riparian conditions in the project area.  Note the BPA 
transmission line, lack of wood riparian species, and remnant cedar stumps.  
 

There is marginal riparian vegetation in the project area due to the presence of the BPA 
transmission line.  Prior to construction, the reach classified is an over-widened C stream type 
transitioning to an F channel type. The post construction condition is characterized by a 
moderately entrenched, riffle-pool, gravel-cobble dominated B3/4 stream type.   
 
A comprehensive assessment and stream restoration design were completed by River Design 
Group, Inc. in February 2006.  The design specified reconstructing the channel using natural 
channel design techniques.  In October 2007, the project was implemented under the auspices 
of RDG in consultation with USFS, GMCD and the U.S. Fish & Wildlife Service.  The following 
monitoring report describes the post-construction or “as-built” channel conditions of the project 
area.  Future monitoring in 2008 after spring runoff will document channel conditions and 
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trends in channel geomorphology.  These data will be compared to the as-built monitoring 
dimensions to evaluate channel response over time. 
 
1.1   Construction Overview 
 
During October 2007, approximately 1,200 ft of new channel was constructed within the project 
area.  The design incorporated Natural Channel Design (NCD) methods and fundamental civil 
and hydraulic engineering principles to re-establish the expected dimension, pattern and profile 
of Crow Creek.  Channel features observed in stable sections of Crow Creek such as riffles, 
runs, pools and glides were constructed, their dimension based on their naturally-occurring 
form as determined from empirical, analog, and analytical based methods.  Grade control 
structures including native cobble patches, boulder clusters, log and rock cross-vanes, and log 
j-hook vanes were installed to maintain the design channel dimensions until riparian vegetation 
can establish and lend permanence to the constructed project.  Large woody debris structures 
were added to dissipate energy in pools and meander bends and to enhance aquatic habitat.    
 
Table 1-1 summarizes the types and quantities of structures constructed in the Crow Creek 
project area. 
 

Table 1-1.  Types and numbers of structures built 
in the Crow Creek project area.   

Structure Type Quantity 

Log j-hook vane 1 

Log vane 4 

Engineered log jam 12 

Cobble grade control 19 

Log cross vane 2 

Rock cross vane 4 

Channel spanning log 3 

Rootwad composite 12 

Habitat pieces 8 

Vegetated soil lift (LF) 669 

Willow cuttings ~1750 

Rooted plant stock ~1,250 

 
 
1.2    Monitoring Goals and Objectives 
 
The following monitoring objectives and performance standards are proposed to evaluate 
project success in achieving the stated project objectives.  Project monitoring will occur in 2007 
(as-built survey, this report), and in 2008 (post-runoff survey) assuming Crow Creek 
experiences a peak event approximating bankfull discharge.  If a bankfull event is not realized 
in 2008, monitoring will be postponed.  For the purposes of this monitoring program, stability 
will be defined as the ability of Crow Creek to adjust to hydrologic conditions and physical 
inputs within the watershed while maintaining its design dimensions, pattern and profile over 
time.  Section 1.2.1 defines the monitoring objectives and performance standards.  These 
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performance standards will be applied to evaluate the channel response following the first 
bankfull or greater runoff event (2008).   
 
1.2.1 Channel Stability and Morphology 

 
Objective 1: Channel cross-sections will remain within 20 percent of the as-built dimensions 
after three years.   
 
Performance Standard 1:  Four channel cross-sections were established in the reconstructed 
reach.  Cross-sections are located at pool and riffle units.  Cross-sections will be re-surveyed 
in 2008 if a bankfull discharge event occurs in that time span.  Photo points were established 
at each channel cross-section, and in select areas to document overall reach conditions.  
 
Objective 2: The design channel profile will remain within 20 percent of the as-built dimensions 
after three years.   
 
Performance Standard 2:  One longitudinal channel profile was established in the 
reconstructed reach.  The profile encompasses a minimum of 20x the bankfull channel width of 
Crow Creek, or two meander wavelengths.  The as-built survey captured all pertinent design 
thalweg points on the profile including top and bottom of riffle units, maximum pool depths, and 
pool crest/glide units.  In addition to the physical channel bed, water surface and design 
bankfull elevations were surveyed.  The post-runoff survey will be compared to the as-built 
profile to evaluate vertical bed stability.   
 
1.2.2 Long-term Maintenance and Monitoring 

 
The project is designed to require minimal maintenance. However, repairs to the new channel 
sections or plugs in the old channel may be necessary in the future.  The participating 
sponsoring agencies and RDG will collaborate on future repairs.     
 
 

2.0 CHANNEL DESIGN DIMENSIONS 
 
Final design dimensions were determined from a variety of methods including reference reach 
data, analytical based procedures including hydraulic modeling, and empirically derived 
hydraulic geometry relationships. Longitudinal profile and cross-sectional dimensions were 
validated with HEC-RAS (USACE 2003). HEC-RAS computes water surface profiles and 
hydraulic variables in a one dimensional steady flow system, and also supports calculation of 
maximum scour based on the empirical methods of HEC-18.  Design plan form, longitudinal 
profile, and cross-sectional channel dimensions are summarized in Tables 2-1, 2-2, and 2-3.   
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Table 2-1. The design bankfull cross-section dimensions for Crow Creek stratified 
by channel unit^. 

Variable  Pool  Riffle  Run  

Bankfull discharge (cfs)  180 180 180 

Width (ft)  27.5-32.6 (30.0) 23.0-26.9 (25.0) 20.2-23.9 (21.9) 

Average depth (ft)  1.0-1.2 (1.1) 1.2-1.4 (1.3) 1.4-1.7 (1.6) 

Maximum depth (ft)  2.3-4.0 (3.3) 1.5-1.8 (1.7) 1.8-2.1 (2.0) 

Predicted scour depth (ft)  4.2 2.1 2.4 

Cross-sectional area (ft2)  38.0 33.0 34.7 

Bankfull velocity (ft/s)  4.8 5.3 5.0 

Design Channel Type B4c 

            ^River Design Group, Inc. 2007.   

 
 

Table 2-2. The design plan form dimensions for Crow Creek^.  

Variable  Range (Average Value) 

Meander length (ft) 225-340 (286) 

Radius of curvature (ft) 61.9-87.7 (69.4) 

Belt width (ft) 50-104 (70.4) 

Sinuosity  1.19 

                ^River Design Group, Inc. 2007. 
 
 

Table 2-3. The design longitudinal profile dimensions for Crow 
Creek^.  

Variable  Range (Average Value) 

Average bankfull slope (ft/ft) 0.0216 

Riffle slope (ft/ft) 0.032-0.043 (0.037) 

Pool slope (ft/ft) 0.0021-0.0049 (0.0026) 

                        ^River Design Group, Inc., 2007. 
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3.0    2007 AS-BUILT MONITORING SURVEY 
 
3.1 Methods 
 
As-built monitoring data collection metrics and methods are summarized in Table 3-1.  
 

Table 3-1.  Summary of as-built data collection metrics and methods. 

Channel Metric No. of Samples 

Cross-sections (Harrelson et al., 1994) 4 (2 pools, 2 riffles) 

Longitudinal profiles (Harrelson et al., 1994) 675 ft (10 pool-riffle sequences) 

Substrate characterization (Wolman, 1954) 2 (100 count composite samples) 

Photo Points (Hall, 2002) 6 

Bank Erodibility Hazard Index (D. Rosgen, 2001) 3 sites 

 
 
3.1.1 Longitudinal Channel Profile 
 
As summarized in Table 3-1, the as-built longitudinal channel profile included 675 ft or 56% of 
the total project length.  Approximately 10 contiguous pool and riffle sequences were sampled.  
Longitudinal profile and cross-sections were measured using a calibrated total station and rod.  
Upper and lower reach termini were monumented with rebar and benchmarks serving as 
horizontal and vertical reference points.  Longitudinal profiles included thalweg or bed surface 
elevations that define the morphology of the channel bed features.  Water surface elevations 
were obtained to derive individual channel facet slopes and to develop an energy grade line for 
the constructed channel.  Bankfull elevations were determined from design indicators such as 
the tops of banks, floodplain extents, slope breaks, and other features. 
 
3.1.2 Channel Cross-Sections 
 
Four channel cross-sections were measured and monumented according to methods 
described by Harrelson et al. (1994).  To establish a range of values for each feature, two 
cross-sections for riffle and pool units were measured in the project area.  The lateral limits of 
each cross-section corresponded to the top of terraces, where feasible, and included all 
important features such as active floodplain, top of bank, bankfull elevation, water surface and 
channel bottom elevations.   
 
3.1.3 Channel Substrate Composition 
 
Channel materials were sampled in the project area to characterize existing bed material 
characteristics as well as to complement future hydraulic and sediment transport monitoring 
validation.  The Wolman method (Wolman, 1954) was used to characterize the particle size 
distribution of channel materials.  The material sampling locations were established on riffle 
habitat units.  The intermediate axes of the particles were measured (Wolman, 1954).      
 
3.1.4 Bank Erodibility Monitoring and Sediment Reduction Analysis 
 
RDG will assess sediment load reductions resulting from the restoration project using 
methodologies outlined in Watershed Assessment of River Stability and Sediment Supply 
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(WARSS).  Specifically, the Bank Assessment for Non-point Source Consequences of 
Sediment (BANCS) model will be used to predict pre and post bank erosion rates within the 
project area.  The application evaluates the pre and post construction bank characteristics and 
flow distribution along the river reach and maps BEHI and NBS risk ratings commensurate with 
streambank and channel changes.  Annual pre construction, predicted post-construction, and 
measured post-construction bank erosion rates and sediment loading estimates are presented 
in Section 4 of this report.  Methods are further described in the Crow Creek Restoration 
Project: Project Monitoring Program Quality Assurance Project Plan (RDG, August 3, 2007).  
 
3.1.5 Photo Points 
 
Photo points will be established at all monitoring sites according to techniques outlined in Hall 
(2002).  During each monitoring visit, photos will be taken from monumented photo point 
locations in addition to other locations.  Photo number, numbered photo point location, and 
direction will be noted in the field notes. 
 
3.1.6 Vegetation Monitoring 
 
Site revegetation was a critical component of the restoration plan.  The restoration plan 
included four primary revegetation components, including: 1) use of vegetated soil lifts to 
stabilize and promote woody shrub development on critical reconstructed streambanks, 2) 
planting of rooted shrub stock, 3) transplanting of existing mature shrubs, and 4) seeding of 
disturbed areas.  
 
Vegetation survival will be assessed in 2008 as part of the year one monitoring report.  Section 
3.2.4 summarizes the implemented revegetation strategies in the project area.  
 
3.2   Results 
 
The monitoring reach extends from the top of riffle feature, approximately 400 ft downstream of 
the West Fork Crow Creek Road Bridge, to the lower terminus of the project, at station 12+00.  
The reach encompasses nearly 675 ft of reconstructed channel.  This reach was previously 
characterized as an over-widened C stream type transitioning to an F channel type. The post 
construction condition is characterized by a slightly meandering, riffle pool, cobble dominated 
B4c channel type.   
 
3.2.1  Channel Dimensions (Cross-sections) 
 
As-built cross-section metrics are summarized in Table 3-2.  Bankfull channel width was 
greater in pool features than in riffles, as expected.  Floodprone width values derived from riffle 
cross-sections ranged from 90 ft to 100 ft.  Corresponding entrenchment ratios at riffles ranged 
from 3.2 to 3.6.  The variability in entrenchment ratios was related to the influence of the 
Holocene terraces on the floodplain width.   
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Table 3-2.  As-built bankfull channel dimensions for riffle (n=2) and pool (n=2) 
cross-sections in Crow Creek.  Range and average values reported.  

Variable Riffle Pool 

Bankfull Width (ft) 23.9-31.7 (27.8) 30.4-30.9 (30.7) 

Floodprone Width (ft) 90.0-100 (95.0) n/a 

Entrenchment Ratio 3.2-3.6 (3.4) n/a 

Mean Depth (ft) 1.5-1.5 (1.5) 1.7-2.0 (1.9) 

Maximum Depth (ft) 1.9-2.1 (2.0) 4.4-4.8 (4.6) 

Width/Depth Ratio 16.3-21.6 (18.9) 16.1-18.5 (17.3) 

Bankfull Area (sq ft) 35.1-46.7 (40.9) 51.5-61.5 (56.5) 

Wetted Perimeter (ft) 24.8-32.5 (28.6) 32.5-33.2 (32.8) 

Hydraulic Radius (ft) 1.4-1.4 (1.4) 1.6-1.9 (1.7) 

Slope (ft/ft) 0.016-0.044 (0.030) 0.0005-0.0076 (0.0041) 

 
As-built bankfull mean depths of constructed riffles averaged 1.5 ft with maximum depths 
ranging from 1.9 ft to 2.1 ft.  Pool depths varied from a mean of 1.7 ft to 2.0 ft to maximum 
depths of 4.4 ft to 4.8 ft.  Riffle features demonstrated marginally higher width-to-depth ratios 
than pools and ranged from 16.3 to 21.6.  Pools width-to-depth ratios ranged from 16.1 to 18.5. 
 
As-built, bankfull cross-sectional area was greater in pool features than in riffle features, 
averaging 56.5 ft2 and 40.9 ft2, respectively.  Wetted perimeter values were greater in pool 
features with an average of 32.8 ft, compared to an average value of 28.6 ft for riffle units.  
Hydraulic radius averaged 1.4 and 1.7 for pool and riffle units, respectively.  Local water 
surface slopes indicate average energy gradients in riffles of 0.030 ft/ft and 0.0041 ft/ft for 
pools. 
 
Figure 3-1 and Figure 3-2 include plots of the monitored riffle cross-sections and photo points.   
 
Riffle XS 2 
Riffle cross-section 2 was located along the existing Crow Creek channel alignment.  
Restoration actions specific to this section included raising the channel invert by as much as 
2.0 ft from existing conditions to reconnect the adjacent floodplain feature.  As described in the 
RDG design report, this section of Crow Creek had downcut in response to downstream 
channelization of the creek.  Construction techniques included raising the bed elevation with 
coarse cobble to fine gravel and installing a series of boulder clusters to increase bed 
roughness, stabilize the channel profile, and create pocket water habitat.  
 
Riffle XS 4 
Riffle cross-section 4 was located along the reactivated meander sequence which had been 
physically disconnected from the main Crow Creek channel due to downstream channelization.  
Construction activities included re-excavating the historical channel alignment and importing 
coarse rounded alluvium to increase bed roughness, stabilize the channel profile, and improve 
aquatic habitat for the target fish species.  Numerous wood and rock-based structures were 
constructed to create pool habitat, increase channel margin complexity, and stabilize the 
vertical channel alignment.  
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Figure 3-1.  Monitoring riffle cross-sections 2 (left) and 4 (right) in the project area.  The solid line 
denotes the design bankfull elevation and vertical lines provide limits for bankfull hydraulic calculations. 
 

 
 

Figure 3-2.  Monitoring riffle cross-sections 2 (left) and 4 (right) in the project area.  
 
 

Figure 3-3 and Figure 3-4 include plots of the monitored riffle cross-sections and photo points.   
 

Pool XS 1 
Pool cross-section 1 is located in the upper reach of the project area.  The pool structure 
consists of a wood-based engineered log jam located on an outside meander bend. The jam 
consists of approximately 4 rootwad complexes and is ballasted with a 24-inch diameter 
rootwad member to counter buoyancy and sliding forces.  No rock was used in the structure.  
Future monitoring efforts will monitor both pool development and structure stability.   
 
Pool XS 3 
Pool cross-section 3 is located along the constructed avulsion channel plug in the middle reach 
of the project reach.  The plug consists of earthen bill, a series of engineered log jams, and 
vegetated soil lift treatments to promote revegetation.  As shown in Figure 3-3, the top of plug 
elevation was set approximately 1.5 feet in elevation higher than the opposing floodplain/point 
bar feature.  Future monitoring efforts will evaluate channel plug stability and pool 
development. 
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Figure 3-3.  Monitoring pool cross-sections 1 (left) and 3 (right) in the project area.  The solid line 
denotes the design bankfull elevation and vertical lines provide limits for bankfull hydraulic calculations. 
 

  
 

Figure 3-4.  Monitoring pool cross-sections 1 (left) and 3 (right) in the project area. 
 
 

3.2.2 Channel Profile 
 
The as-built longitudinal profile in the project area encompassed approximately 675 ft of 
reconstructed channel and is presented in Figure 3-5.  Profile data including channel unit 
slopes, maximum depths, pool frequency and channel unit lengths are summarized in Table 3-
3.  Data are reported for actual values and in dimensionless ratio form.   
 
Channel unit facet slopes were derived from the longitudinal profile (Figure 3-5) and reported 
as minimum, mean and maximum values for riffle, pool, run and glide features.  Within the 
designed B4c channel, typical profile slopes occur in a range of values according to feature 
type.  The predicted ranges of dimensionless ratios have been established based on 
measurement of stable, reference streams of similar valley, channel type and parent material.  
For this project, design ratios were established from the downstream reference reach in the 
Crow Creek watershed.   
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Figure 3-5.  The as-built longitudinal channel profile of the Crow Creek project reach, a B4c stream 
type.  The profile included measurement of approximately 10 pool and riffle channel sequences.  

 
 

  
Figure 3-6.  Typical photo points of the as-built channel conditions and restored channel and floodplain.  
A variety of habitat-forming and revegetation techniques are shown including large wood complexes, 
vegetated soil lifts, willow fascines and boulder clusters.   
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The as-built longitudinal channel profile data are summarized and presented by feature type in 
Table 3-3.  Actual values are reported as well as their corresponding dimensionless ratio.  The 
designed facet slopes exist as a range of values and demonstrate higher gradient riffle and run 
features, and lower gradient pools and glides.  Review of the corresponding dimensionless 
ratios calculated for the Crow Creek reference reach, upon which the restoration design was 
based in part, indicate that the slope values for each feature type occur within the design range 
for the B4c channel type.   
 
Maximum channel depths for the reconstructed reach are also reported in Table 3-3.  As 
summarized, riffle maximum depths were less than values measured in pool features, as 
expected.  The transitional run and glide features contain intermediary depth values.  Review 
of the corresponding dimensionless ratios reveals that the maximum depths for each feature 
occur within the designed B4c range of values for each channel unit type. 
 

Table 3-3.  As-built longitudinal profile dimensions and dimensionless ratios for the Crow Creek project 
reach. 

Profile Dimensions     Profile Dimensionless    

Metric Min Mean Max  Ratios1 Min Mean Max

S riffle (ft/ft) 0.0159 0.0290 0.0435  S riffle / Sbkf (ft/ft) 0.7 1.3 1.9 

S pool (ft/ft) 0.0005 0.0041 0.0076  S pool / Sbkf (ft/ft) 0.0 0.2 0.3 

S run (ft/ft) 0.0116 0.0152 0.0189  S run / Sbkf (ft/ft) 0.5 0.7 0.8 

S glide (ft/ft) 0.0035 0.0060 0.0077  S glide / Sbkf (ft/ft) 0.2 0.3 0.3 

P - P (ft) 41.6 67.2 94.5  P - P / Wbkf (ft) 1.5 2.4 3.4 

P length (ft) 24.0 34.9 52.2  P length / Wbkf (ft) 0.9 1.3 1.9 

Dmax riffle (ft) 1.4 1.7 2.1  Dmax riffle / Dbkf (ft) 1.0 1.2 1.4 

Dmax pool (ft) 3.6 4.2 5.2  Dmax pool / Dbkf (ft) 2.4 2.9 3.5 

Dmax run (ft) 2.5 2.7 3.2  Dmax run / Dbkf (ft) 1.7 1.9 2.1 

Dmax glide (ft) 2.2 2.4 2.6  Dmax glide / Dbkf (ft) 1.5 1.6 1.8 

Low Bank Ht (ft) 2.0 2.0 2.1  Low Bank Ht /Dmax riff (ft) 1.1 1.2 1.2 

WS Slope (ft/ft)  0.023   Bankfull Slope (ft/ft)  0.023  
1
Sbkf=0.023 ft/ft, Wbkf=27.8 ft, Dbkf=1.5 ft, Dmax=2.0 ft. 

 
Pool frequency is reported in Table 3-3.  Within the reconstructed reach, pool features occur 
approximately every 67.0 ft on average, for a resulting average pool to pool spacing to bankfull 
width ratio of 2.4.  Constructed pool length is approximately 35.0 ft on average and ranges 
from 24.0 ft to 52.2 ft.  Pool length varies based on the structure type.  In general, shorter pool 
lengths were associated with mid-riffle structures such as rock cross vanes.  Longer pools 
were associated with meander arc sequences and engineered log jams.   
 

3.2.3 Channel Substrate Composition 
 

Channel substrate composition was characterized using the Wolman pebble count method at 
three riffle features.  Pebble counts data were collected at three locations in the project reach, 
including cross-section 2, Station 7+20 and cross-section 4.  As-built data are summarized in 
Table 3-4. 
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Figure 3-7.  Channel particle size distributions for three as-built riffle features in the Crow Creek 
project area. 

 
 

Table 3-4.  As-built particle size distributions by size class for three riffle features in the 
Crow Creek project area. 

Percentile XS 2  Sta. 7+20  XS 4  
Coefficient of 

Variance 

D16 15 16 15 0.04 

D35 33 32 34 0.03 

D50 45 48 61 0.17 

D84 90 127 123 0.18 

D95 154 197 170 0.13 

D100 256 1024 256 0.87 

 

Figure 3-7 graphically displays the particle size distribution curves for the monitoring sections.  
Table 3-4 reports the actual values and the degree of variation between size classes.  Results 
from the particle size analyses indicate less than 20% variation between samples.  The 
exception is the D100 size particle.  This may be reflective of the medium to large boulders at 
station 7+20 that were imported and utilized during construction of the new channel. 
 

Pre-construction and post-construction substrate particle size analyses are displayed in Figure 
3-8.  Sample populations for riffles were grouped and reported as a single sample to evaluate 
changes in channel substrate composition for the pre and post construction condition.   
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Figure 3-8.  Substrate particle size distribution comparison for 2006 pre construction and 2007 
post construction conditions (n=300).  

 

Summary results are reported in Table 3-5.  A general fining trend can be discerned for all size 
classes with the exception of the D100 class.  As previously discussed, coarse boulder 
material was used to construct a variety of structures in the project area including boulder 
clusters and rock cross vanes.  The increase in the D100 particle size is likely attributed to this 
factor.  

 

Table 3-5.  Substrate particle size distribution comparison between 
three riffle features in 2006 and three riffle features in 2007.   

Percentile 
2006  

Cumulative 
2007 

Cumulative 
Percent  
Change 

D16 39 16 -144 
D35 69 32 -115 
D50 95 46 -107 
D84 182 119 -53 
D95 260 178 -46 
D100 512 1024 50 

 
 

3.2.4 Vegetation  
 

Vegetation survival will be evaluated in 2008 as part of the year one post runoff survey.  As 
described in Section 3.1.6, the restoration plan included four primary revegetation 
components, including: 1) use of vegetated soil lifts to stabilize and promote woody shrub 
development on critical reconstructed streambanks, 2) planting of rooted shrub stock, 3) 
transplanting of existing mature shrubs, and 4) seeding of disturbed areas.  
 
Approximately 375 ft of single and double layer vegetated soil lifts (VSL) were installed in the 
project area (see RDG design report for locations of VSLs).  The VSLs were planted with a 
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approximately ~1,250 rooted plants and ~1,750 dormant willow cuttings. The following rooted 
species were used: 
 

- Alder (Alnus incana) 
- Water birch (Betula occidentalis) 
- Red-osier dogwood (Cornus sericea) 
- Bebb willow (Salix bebbiana) 
- Douglas hawthorne (Crataegus douglasii) 
- Chokecherry (Prunus virginiana) 
- Serviceberry (Amelanchier alnifolia) 
- Rocky Mountain Maple (Acer glabrum) 
- Ribes americanum 
- Rose (Rosa woodsii) 

 
Approximately 20 whole shrubs were transplanted from donor sites located in the project area 
to areas where added soil strength and rapid vegetation establishment was desired.  Priority 
areas for shrub transplanting included abandoned channel plug surfaces and constructed 
wetland cells.  Following transplant, the shrubs were cut down to within 1.5 ft of the ground 
surface to increase survival.     
 
Monitoring in 2008 will focus on survival of transplanted shrubs, rooted plant stock, and willow 
cuttings.  A second broadcast seed application will occur in Spring 2008 to ensure all disturbed 
areas are properly mitigated.  
 

3.3 As-Built and Design Dimensions 
 

A comparison between the designed riffle and pool channel dimensions and the as-built, 
constructed channel dimensions are presented in Table 3-6.  Constructed pools were built to 
within 2.3% of designed bankfull channel width specification.  However, constructed pools 
were excavated to depths greater than the design dimensions.  Similarly, a constructed mean 
depth 42% greater than design depth was detected from the post construction survey.  This in 
turn influences the cross-sectional area resulting in a departure from the design channel 
metrics.  
 
Constructed riffle dimensions have remained within 20% of the design specification.  
Constructed bankfull riffle width and width-to-depth ratio are within 10% and 4.0% of the 
design specification, respectively.  
 

Table 3-6.  Pool and riffle design dimensions and reach averaged values for select 
morphological variables. 

 
Design 

Pool 
As-Built 

Pool 
Percent 

Difference 
Design 
Riffle 

As-Built 
Riffle 

Percent 
Difference 

Width (ft) 30.0 30.7 2.3 25.0 27.8 10.0 

Mean Depth (ft) NA NA NA 1.3 1.5 13.3 

Max Depth (ft) 3.3 4.6 28.31 1.7 2.0 15.0 

XS Area (ft2) 38.0 56.5 32.71 33.0 40.9 19.3 

Width/Depth (ft) NA 16.2 NA 19.2 18.5 -3.8 
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4.0 SEDIMENT REDUCTION ANALYSIS 
 
Annual streambank erosion rates in the Crow Creek project area were estimated using the 
Bank Erosion Hazard Index (BEHI) as described in Section 2.2 Sampling Methods in the Crow 
Creek Restoration Project Quality Assurance Project Plan (RDG, 2007).  Bank conditions 
including bankfull height, bank length, BEHI score and near-bank stress ratings were 
evaluated for representative cross-section and BEHI conditions.  For comparative purposes, 
BEHI analyses were completed before and after construction and in the Crow Creek reference 
reach, located approximately 0.25 miles downstream of the project area.  The reference reach 
exhibits similar morphological characteristics to the project reach and was used as a field 
model for developing proposed design dimensions.  
 
Established curves relating BEHI and near-bank stress to predicted annual streambank 
erosion rates were utilized.  The first equation is from Yellowstone National Park, representing 
streams formed in alpine glaciated valley morphologies and/or volcanism geology (Rosgen 
1996, 2001a). A second equation is based on Colorado streams formed in sedimentary and/or 
metamorphic geology and was also used to predict annual streambank erosion rates (Rosgen 
1996, 2001a) for the project area.   
 
Table 4-1 and Table 4-2 summarize the results of the pre and post-construction analyses 
within the project reach.   
 

Table 4-1.  Estimated pre-construction sediment loading (in tons/year) calculated for the Crow 
Creek restoration project area.   

Bank  
ID 

Bank 
Height (ft) 

Bank 
Length (ft) 

BEHI 
Score 

BEHI 
Rating 

Near Bank 
Stress 

Colorado 
(tons/yr) 

Yellowstone
(tons/yr) 

Bank 1 4.0 175 37.2 High V High 10.8 22.9 
Bank 2 3.6 125 38.7 High V High 16.9 35.8 
Bank 3 4.1 175 39.3 High High 17.3 41.5 
Bank 4 3.3 175 34.7 High V High 22.6 48.0 
Bank 5 2.4 200 39.8 High V High 18.8 40.0 
Bank 6 7.7 40 45.0 V. High Extreme 19.3 37.1 

Total 105.7 225.3 

 
 
Table 4-2.  Estimated post construction sediment loading (in tons/year) calculated for the Crow Creek 
restoration project area.     

Bank 
ID 

Bank 
Height (ft) 

Bank 
Length (ft) 

BEHI 
Score 

BEHI 
Rating 

Near Bank 
Stress 

Colorado 
(tons/yr) 

Yellowstone 
(tons/yr) 

Bank 1 2.1 175 18.7 low moderate 1.2 1.6 
Bank 2 2.5 125 19.9 low low 0.5 0.5 
Bank 3 2.5 140 19.7 low moderate 1.2 1.5 
Bank 4 2.4 175 16.4 low moderate 1.4 1.8 
Bank 5 1.9 100 27.0 moderate low 0.8 1.7 
Bank 6 2.1 80 13.5 low low 0.3 0.3 

Total 5.4 7.4 

 
Table 4-3 summarizes the predicted reduction in sediment loading from pre construction to 
post restoration conditions.  The table identifies the measured variables and the corresponding 
percent change between 2006 (pre construction) and 2007 (post construction). 
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Table 4-3.  Sediment reduction analysis for the Crow Creek restoration project reach, existing 
conditions versus as-built conditions.   

Condition 

Average 
Bank 

Height  
(ft) 

Average 
Bank 

Protection 
(%) 

Average 
BEHI 
Score 

Average 
BEHI 

Rating 

Average 
Near Bank 

Stress 

Colorado 
(tons/yr) 

Yellowstone 
(tons/yr) 

 
2006 

Existing 
Conditions 

 

4.2 19 39.1 V. High High 106 225 

 
2007  

As-built 
Conditions 

 

2.2 64 19.2 Low 
Low - 

Moderate 
5.4 7.4 

Percent 
Change 

-91 70 -104 n/a n/a -1863 -2941 

 
 
As summarized in Table 4-3, average BEHI ratings decreased from a very high-high rating in 
2006 to a low-moderate rating in 2007, a 104% decrease.  Estimated sediment loading 
reduction within the project area applying both the Colorado and Yellowstone curves is 1,863 
tons/year and 2,941 tons/year, respectively.  This is a prediction of sediment load reduction 
and will be validated during subsequent monitoring efforts in the project area.    
 
 

5.0 DISCUSSION 
 
An as-built monitoring survey was completed in the Crow Creek restoration project area to 
document post-construction channel dimensions, channel substrate composition and sediment 
loading characteristics.  As-built data are valuable for comparing the design and constructed 
channel dimensions, as well as evaluating channel response to future runoff events.  As such, 
the as-built survey provides baseline data for assessing future channel adjustments.  This 
survey documents channel conditions immediately after construction and prior to the onset of 
any high flow events in the Crow Creek watershed. 
 
The as-built survey data indicate some departure from the designed channel dimensions.  
Pools were constructed to the target width but excavated deeper than designed maximum 
scour depth.  The measured departures in bankfull maximum pool depth and cross-sectional 
are attributed to the manner in which the “foundations” of the pool forming structures (e.g. 
footer logs and rock footers) are installed.  In order for these types of structures to remain 
stable under high flow events, the bases of the structures are set below the predicted pool 
scour depth.  The design analysis indicated potential scour depths averaging 4.5 ft.  As a 
result, during construction, the excavator placed the bottom of the footer logs and/or rocks to 
depths of at least 4.5 ft relative to bankfull.  This resulted in some deviation from the design 
maximum pool dimensions. We expected to observe some degree of pool filling during the 
2008 runoff which will be detected and discussed in the year one post runoff survey and report.   
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Constructed riffle widths were built to within 10% of the design dimensions.  Riffle mean and 
maximum depths were excavated to within 15% of the design depths.  These as-built channel 
dimensions will be subject to adjustment in response to seasonal and other high flows.  The 
2008 post-runoff survey will determine the occurrence and extent of any channel adjustments 
and the results will be evaluated against the established performance standards. 
 
Bed sediment data collected in the project area indicate a general fining trend in the post 
construction condition relative to the pre-restoration condition. As described in the RDG design 
report, one of the primary objectives of this project was re-establish hydrologic connectivity 
between the active channel and floodplain.  This required raising the channel bed elevation by 
as much as 2.0 ft in locations along the profile with a graded mixture of boulders, cobble, 
gravel and sand.  Due to the lack of pools and energy dissipating features associated with the 
pre-restoration condition, channel substrate was largely characterized by coarse particle sizes 
and limited finer substrate.  Reintroducing pool and riffle sequences should result in a general 
fining of channel substrate over time as sorting processes are re-established and promote 
gravel retention in pool tailout areas.  
 
The sediment reduction analysis using the BEHI protocol has proven to be effective in 
demonstrating the reduction in bank-derived sediment loading with improved bank conditions.  
Because increased bank erosion hazard is driven by high bank height ratios, sparse or shallow 
rooted riparian vegetation, over-steepened banks and high near bank stress, substantial 
decreases in bank erosion hazard can be obtained through natural channel design techniques 
which are engineered to moderate these conditions. It is anticipated that with time, as the 
reconstructed channel in the project area stabilizes and the planted vegetation matures, 
erosion rates and subsequent delivery of fine and coarse sediment to Crow Creek will 
decrease.  The sediment response will be tracked during subsequent monitoring of the 
restoration project.  
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GENERAL SPECIFICATIONS 

1, Tha proJact ahall be conatructad according to Iha plan 
seL The Contractor shall nottty the Construction Manager 
of any changes prior to Implementation. The Construotlon 
Manager far this project ■hall be John Muhlfald. 

2, It Is the Contractor's responalblllty to ldenttfy all 
underground utilttl• prior to oonstruotlon. 

8. Coats Incurred dua to project delay■ mulling from 
fallure oftha Contractor to meat the requlremenbl oftha 
general speclllcatlona, oontractor qualltloatlons, 
oonstruotlon specifications, materials apeolftoallona and 
revagetatlon ■pacifications shall be the expense of the 
Contractor. 

CONTRACTOR QUALIFICATIONS 

1. The Contractor shall have at least two (2) yalll"II of river 
restoration construction experience and shall have 
completed at least five (6) river restoration projects, Or, the 
Contractor shall have at least one (1) year of river 
reatorallon nperlanca, ■hall have cmnplatad at laaat thraa 
(8) river restoration proJacts, and ahall have complatad an 
approved river restoration training olus. Approved 
training clasaea Include thoee sponaored by Wildland 
Hydrology, Inc. or a lllmllarly qualified practitioner of natural 
channel dealgn atrnm reatoratlon prtnclplaa, 

2. If the Contraotor ohoos• to designate an employee 
without quallfled stream restoration experience, the 
Contractor shall be on-elta at all Um■s when the amployaa Is 
perfonnlng river restoration work, Fallure to abide by thla 
condition without previous agreement with the Conltructlon 
Manager would be ground• for tennlnallon. 

3. The Contractor shall maintain at least $1,000,000 In 
llabllity Insurance and have proof of llablllty inaurance 
OIMllta during Iha anllraty of projact construction. 

4. The Contractor shall have proofofworkar"s 
compensation insurance on-site during the antlraty of 
project construction. 

&. The Contractor shall have poated at the alte all regulatory 
permltl lnoludlng the U.S. Army Corps of Engineers 404. 
conservation district 31 0 pennlt and MDEQ 318 
authorization. 

EQUIPMENT SPECIFICATIONS 

1, The Conb'actor ahall fumlah all equipment neceasary to construct the 
project. The Contractor shall moblllze all equipment to the project area aa 
directed by Iha Construction Manager. 

2. At a minimum, Iha equipment for thla projact ehall lncluda: 

TrackhoalExoavator - One (1) axoavator(1) shall be required. The equipment 
shall be mlnlnaim 800 clus. The bucket volume shall be one (1) cubic yard(a). 
The bucket shall ba equipped with a hydraulic thumb for graaplng logs, rock■, 
and other materlala. The equipment muat be capable of croealng water and 
working on or acijaoant to steep slopes. A chain ahall be available for attaching 
culverts, pumps and other equipment or materials to the bucket for transport 
on-elta. 

Front End Loader • Ona (1) front end loader(•) shall ba required. The equipment 
shall be minimum 800 olau. The minimum bucket volume shall be four (4) cublo 
yarda. The bucket muat be equipped with forks for tramportlng loga, rock■ and 
other matartals. A chain ahall be avallabla for attaching culvarts, pumps and 
other aqulpmant or material■ to the bucket for transport on-elte, 

Bulldozer- Ona (1) bulldoz.er(s) shall be required. 

Dump Truck- Ona (1) dump truck ahall be required for thla proJact. TNck(1) 
shall have a minimum bed volume of eight (8) cubic yards. The truck(s) shall ba 
capable of driving on ncn-aaphalt surfaces and off-road surfaoea. 

Skid ataar- Ona (1) sklcktsar(s) all-surface loader shall be required. Tha 
equipment.hall have sod track• to minimize on-elte dleturbance. 

Chainsaw- One (1) chainsaw shall be required. The chainsaw must be capable 
of completely sawing loga of tha dlamlJlar ■pacified In the matarlal 
specifications, Also, the chainsaw muat be capable of sawing HDPE or PVC 
culverts or plpaa as noted In the material speclftcatlona. 

3. All equipment ■hall be WIIBhed prior ID moblllzallon ta the site ID minimize the 
Introduction offol"lllgn materials and fluids ta the project Bite. All equipment 
shall ba free of oll, hydraulic fluid, and dlesel fUal leaks. To prevent Invasion of 
noxious weeds or the spread of whirling disease spores, all equipment ahall be 
power washed or cleaned to remove mud and aoll prior to mcblllzatlon Into the 
projact 111'11■. It wlll be tha Contractor's rasponalblllty to ln■ul'II that adequate 
meuures have been taken. 

Equipment shall be new or In a well-maintained condition to minimize the 
llkallhood of a fluid leak. If II fluid leak doea occur, the ConatnK:llon Manager 
shall be notified lmmadlataly, and all work c-■ed until the leak haa baan 
rectltled, At all time• during the construction phaae, fluid splll containment 
equipment shall be present on-site and ready for deployment should an 
accidental ■pill occur. 

4, The Conb'actor shall maintain a complata tool sat with commonly replaced 
parts (e.g. 0-rlngs) to minimize downtime In the avant of equipment malfunollon. 

CONSTRUCTION SPECIFICATIONS 

1. Conatructlon ahall occur In accordance with the plan aet, construction apeclflcatlons, aqulpmant apeclllcatlona, matarlal 
1paclftcallon1, revegetaUon spaclflcallons and general apaclflcatlons. 

2. Prior ta con■tructlon, conatructian anNIB wlll be ■taked out ulllng a ■urvey grade Global Poaltlonlng System (GPS), tatal atatlon, 
or survay lu.-. The Construction Manager shall stake the locations of the construction accass, stockpile locatlona, llmlta of 
disturbance, temporary dlvanlon channels, temporary culverts, propoaed channel cantertlne, propoaed channel margins, channel 
bed features, floodplain extents, wetlands and all structure■ according to the plan 1el Conslructlon staking shall occur In 
accordance with the Survey Control Sheet. At a minimum, &taking offBalures shall occur every 25fBet along the alignment. The 
Contractor ■hall minimize disturbance to grada stakas. If ncasalva dlaturbance to grade atakea by the Contractor occurs, It shall 
be the Contractor's eicpenae to re-elaka the project. 

8. stream croulng1 shall be mlnlmlnd during construollon. lfmultlple crossings (5 or more) are expected, the oontraotor shall 
provide and Install temporary culverts ao that equipment can cross the ■tream without generating excess turbidity. Temporary 
culvert sizes ahall accommodata 150% of expactad base flow during construction. The Construction Manager ahall specify the alzes 
and locallona of the temporary culverts. 

4. Prior to conatructlon, tampora,y diversion channel■ ahall be oonatructed to divert walBr away from construction areas. 
Temporary dlvaralan channels shall be locatad and constructad according to the plan sat. Temporary diversion channels 
conatruotad In tine aolle auch u sand, allt, or organic material ahall be completaly llned with fabric to prevent eroalon. The 
Contractor shall divert water Incrementally Into the temporary diversion channel to minimize turbidity and pennlt flsh to move out of 
the dewatared ohannal segments. 

5. straw bales and sllt fencing shall be avallable and Installed by the Contractor If deemed nacaasary by the Conatructlon Manager. 
Conatructlon fanclng ~lmlts of dleturtJance) shall be Installed by the Contractor If deemed neceuary by the Conatructlon Manager. 

8. lnlllally, the Contractor shall excavate the channel ta approximate dealgn dlmenlllons using the exc:avalDr, trackhOB or bulldmer. 
Excavation shall comply with conatructlan ataltaa and the plan sat. Excavation ahall aatabllah channel elavatlons within ona-half 
foot of tlnal elevallona. The Construction Manager ahall lnspact the channel excavation for compliance with the plan sel All 
excavated materials shall be atookplled on-site, above Iha bankfull channel until hauled off-site or used on-site. Dlaturbanoa to 
riparian vegetation, channel bank8 and sod shall be minimized. Excavated sod and riparian shrub transplants shall be oarefully 
stockpiled and rausad for l'IIYBglJlallng floodplains or slraam banka. 

7. After excavating the channel, the Contractor ahall lnatall the grade control, bank stablllzatlon and habitat 1tructure■• Each 
structure shall be oonatruoted in acoordance with the locallona and speclftcatlon1 provided In the plan sel The Construction 
Manager ■hall l11Bpect and approve all atructurea. Structures ■hall not be backftlled until the Conslructlon Manager has lnspectsd 
and approved all atructurn. 

8. After all structures are lnatalled, the channel wlll be shaped to within 0.2 feet of the flnal elevation• 1paclfted on the plan set using 
an exoavator, traokhoe or bulldozer. The Con■truotion Manager shall check the final elevations for compllance with Iha plan sat. All 
axc1M1ted matarlals shall ba atookpllad on-t11t8, above tha bankfull channel until hauled off-slta or used OIHllta. Dlsblrbanca to 
riparian vegetation, channel banks and sod shall be minimized. 

9. Upon notification from the Con■truollon Manager, the Contractor shall divert water Incrementally Into the new channel. Efforts 
shall be made to minimize turbidity and pennlt flah to move out of the dewatered channel aegmenbl. 

10, After water I• diverted Into the new channel, aoll stookplled on alte wlll be uaed to conatruct earthen channel plugs In the 
exlatlng channel. Eaoh plug shall be constructed In aaoordanoe with the looallons and speolficatlon1 provided In the plan sel 
Exceaa material shall be placed In the old channel or hauled off-aita to a location approved by the Con■tructlon Manager. The 
Conatructlon Manager shall Inspect and approva all earthen channel pluga. 

11, The Contractor shall remove exoeaa materials, temporary culverts and equipment from the site. The Contractor shall regrade 
disturbed areas and oonstructlon access roads to thalrorlglnal grades. The Contractor shall treatoompaoted aoll area• Including 
access roads and material ■tackplle a~. The ContraclDr ■hall remove aoll from the project alts If the aoll la minted with 
petroleum-baaed fluids. 
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NOTE: COORDINATES ARE REFERENCED FROM THALWEG AND BANKFULL 
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CONSTRUCTION NOTES: 
1. Place key plece(s) perpendlcular to flow and anchor to existing stable 
strucutures. Spanning log tapered end may be anchored Into the bank by 
excavating the streambank, placing the log, and backfilling with the excavated 
material. Stable array anchoring will be the preferred method of array 
anchoring. 

2. Example stable structures Include mature trees, boulders, establlshed LWD, 
or placed LWD such as another key plece(s). Anchor key pieces by piecing key 
pieces upstream of the establlshed stable structure. Augment key plece(s) with 
additional stacked pieces. Place stacked pieces to interact with channel and 
anchor to key pieces and existing anchoring structures. 

3. Place channel-spanning log arrays where the channel is more confined to 
ensure that channel-spanning log extends across the entire channel. 

4. Channel-spanning logs may be placed at various elevations and angles 
relative to the channel bed. Array placement is up to the discretion of the 
Construction Manager. 

5. Limbs wlll be left Intact on trees, although llmbs are not depleted ln the 
typical drawing for clarity. 

STRUCTURE DIMENSIONS 

A, MAX. SCOUR DEPTH 4.2 ft 

B, KEY PIECE MINIMUM ROOT FAN DIAMETER OPTIONAL 

C, KEY PIECE MINIMUM STEM DIAMETER 12-18INCH 

D, KEY PIECE MINIMUM STEM LENGTH 30 ft 

2 

1 

NO. 

-
LEGEND 

STANDING MATURE TREE, BOULDER 
OR STABLE LWDARRAY 

ANCHORING "KEY PIECE" LOG 

"STACKED PIECE" LOG 
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CONSTRUCTION NOTES: 

1. Construclton shall begin at structure throat (upstream center) 
and procNd downstream toward banks. Use footer and sill rocks 
with minimum size as spec:lfled. Vane arm slope sholl be between 
4% and 7% as speclfled by the Construc:tlon Manager. 

2. Excavate trench and stockpile excavated material for use as 
bcic:kfill. Plcice bcise of fociter roclcii cit or below mciximum 11CX1ur 
depth. Minimize gcips between footer roclu. The Construction 
Manager shall Inspect all footers prior to bac:kfllllng. Plac:e 
geotextlle fabrtc on upstream haH of top side and upstream side 
of footer rocks. Backfill geotexiile and sides of footer rocks with 
native g rgyel cind cobble. Bciddlll shci II be obtcilned from 
stockpiled material or excavated from downstream pool. 

3. Place slll rodes on top of footer rocks. SHI rocks should be 
placed slightly upstraam of footer rodes. Minimize gaps between 
1111 rodes. The Construc:tlon Ma nciger shCJ II lnspec:t the plcic:ement 
and elevatlon of slll rodes. The top of slll rocks mil not exceed 
the bankfull elevatlon. 

4. Bac:kfill voida arcxa,d strudure with native gravel and cobble 
to fill gaps cind redute piping of wciter, Bcickflll sholl be obtulned 
from stoclcplled material or excC1YGted from downstream pool. 

5. Roodplain grade control sills shall be construc:ted of log or rock 
cind lflelll be keyed into the floodplciin na lea them 50% of the 
moxlmum riffle depth, Top of floodplain grade c:ontrol sills shall 
be 0.5 feet below bankfull elevation and covered with 0.5 feet of 
1od/llhrub transplarlh. 

6. Excavate pool according to spec:lfled dlmenslonL Use 
excavated material to backfill structure or haul to a location 
cipproved by the Construc:tlon Manager. 

7, NoHfy the Construc:tlon Manager of any proposed changes 
prior to lmplementcitlon. The Construction Manager reserves the 
right to modify struc:ture dmign specific:ations during mnstruc:tion, if 
wcirn:mted due to unforeseen conditions. 

STRUCTURE DIMENSIONS 
A = BANKRJLL WIDTH 25 ft 
B = RIGHT ARM WIDn-1 8.3 ft 
C = THROAT WIDTH 8.3 ft 
D = LEFT ARM WIDTH 8.3 ft 
E = FLOODPLAIN GRADE CONTROL WIDn-1 5ft 
F = LINEAR CROSS VANE LENGTH 24ft 
G = POOL LENGTH 27ft 
H = POOL WIDTH 17 ft 
J = MAXIMUM POOL DEPTH 4.1 ft 
K = MAXIMUM POOL SCOUR DEPTH 5.0ft 
L = MAXIMUM lllFFLE DEPTH 1.8 ft 
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SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 

CONSTRUCTION NOTES: 

1. Use vane and backer logs with minimum dimensions as specified. 
Vane arm slope shall be between 4% and 7% as specified by the 
Construction Manager. 

2. Excavate trench and stockpile excavated material for use as 
backfill. Place base of upstream end of log below maximum run scour 
depth. Anchor the upstream end of the vane log with footer rocks as 
specified. Place backing log behind/upstream of vane log. 

3. Attach geotextile fabric and ledger to upstream side of vane log 
just below top of log so that fabric will not be exposed after 
backfllllng. Nalls shall be minimum 6-lnch length sinker nalls. Nall 
spacing shall be no more than 1 2 inches. 

4. The Construction Manager shall Inspect the orientation and elevatlon 
of the structure prior to backfllllng. Backflll upstream side of vane log 
with native gravel and cobble. Backfill shall be obtained from 
stockpiled material or excavated from downstream pool. 

5. A floodplain grade control sill shall be constructed of log or rock 
and shall be keyed into the floodplain no less than 50% of the 
maximum riffle depth. The vane log shall be placed on top of the sill 
log. Roorfans of the s111 log and vane logs shall be placed at the edge 
of the bankfull channel. The top of floodplain grade control sill shall 
be 0.5 feet below bankfull elevation and covered with 0.5 feet of 
sod/shrub transplants. 

6. Excavate pool according to typical pool dimensions. Use excavated 
material to backfill structure, or haul to a location approved by the 
Construction Manager. 

7. Notify the Construction Manager of any proposed changes prior to 
implementation. The Construction Manager reserves the right to modify 
structure design specifications during construction, if warranted, due to 
unforeseen conditions. 

STRUCTURE DIMENSIONS 
A = BANKFULL WIDTH 25 ft 
B = VANE ARM WIDTH 8.3 fr 

C = FLOODPLAIN SILL WIDTH 5.0 ft 

D = LINEAR VANE ARM LENGTH 24 ft 

E = MAX. POOL DEPTH 4.1 ft 

F = MAX. POOL SCOUR DEPTH 5.0 ft 

G = THROAT DEPTH 1.8 ft 

H = MAX. RUN SCOUR DEPTH 2.4 ft 

J = MIN. ROCK DIAMETER 3.0 ft 

K =MIN.VANE LOG DIA 18-24 in 

L = MIN. BACKING LOG DIA. 18-24 in 

2 4-9-07 JM FINAL 

1 3-0~7 MSD DESIGN 
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SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 

CONSTRUCTION NOTES: 

1. Excavate trench to specified structure dimensions and stockplle 
excavated malerlal for use as backflll. Use rounded materlal with D50 
as specified. 

2. Shape the channel to the specified feature dimensions upstream and 
downstream of structure. 

3. The Construc!lon Manager shall lnspecr the orientation and elevarlon 
of the structure prlor to backfllllng. 

4. The lop of floodplain grade oontrol sill shall be 0.5 feet below 
bankfull elevation and oovered with 0.5 feet af sad/shrub transplants. 

RIFFLE 

BANKFULl WATER SURFACE 

RUN POOL 
D 

COBBLE GRADE CONTROL STRUCTURE 

PROFILE 

F RIFFLE 

G 

~ .. 

FLOW 
DIRECTION 

! 
POOL WIDTH 

A 

- La' 

-
~--~ 

COBBLE SIZE = I - I 

~ 5. Notify the Construcrlon Manager of any proposed changes prior to 
lmplementarlon. The Consrrucrlon Manager reserves the right to modify 
structure design specifications during oonstruellon, if warranted, due to 
unforeseen conditions. 

STRUCTURE DIMENSIONS 
A = POOL WIDTH 27 .5-32.6 ft 
B = RIFFLE WIDTH 23-26.9 fr 
C = STRUCTURE LENGTH 20-30 ft 
D - UPSTREAM DEPTH 2.3 - 4.0 ft 
E = MAX.. GLIDE DEPTH 1 .2 ft 
F = MAX.. RIFFLE DEPTH 1 .6-1.7 ft 
G • STRUCTURE DEPTH 5.0 ft 
H = BANK KEY-IN WIDTH OPTIONAL 

I ;;;; COBBLE D50 18 inches 

J = THROAT WIDTH 23-26.9 fr 

2 4-9-07 JM FINAL 

1 3--06-07 MSD DESIGN 

SHRUB & SOD 
TRANSPLANTS 6 11 

TO B" THICK 
=-=1,,.,.1=1=:1::--:,1=:-4,ilr;;; 

NO. DATE BY REVISION DESCRIPTION 

H 

BANKFULL CHANNEL WIDTH 

COBBLE GRADE CONTROL STRUCTURE 

CROSS SECTION 

H 

G 

G 

COBBLE GRADE CONTROL STRUCTURE 

CROW CREEK RESTORATION PROJECT 

DRAWN BY: NMW 
NOTTO SCALE 

DESIGNED BY: MSD 

HECKEDBY: MSD FILE NAME: 

PROJECT NO.: RDG-06-017 DT-5 Cobble.dwg 

... -... -
"' ... 
I.I"" La' I 

~ ........ - ' ' I 

C 

... - - "'I. "'I. "'I. 

~ 
... - - ... ... ..... "'I. ~ 

.. "'I. ... ~ 
I~ jjllili1'-

~ 

~ ' 
RIFFLE WIDTH 

B 

COBBLE GRADE CONTROL STRUCTURE 

PLAN VIEW 

Avista Corporation 
P.O. Box 1469 Noxon, MT 59853 

(406) 847-2729 

River Design Group, Inc. 
P.O. Box 1722 

Whitefish, MT 59937 
,.,: (406)862-4927 
la,u (406) 86.2-4963 

www.rivenfesi9R(lroC1p.net 

SHEETDT-5 

RIVER 
DESIGN 

G ROU P, IN C . 



SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 

l • Use vane and backing logs with minimum dimensions as specified, 
Vane arm slope shall be between 4% and 7% as spaclflad by Iha 
Construc:tlon Manager, 

2. ~le trend-a cmd st~lcpile eI0C1vated ITICllerigl for use CJI 
backflll. Place base of upstream end of log below maximum run scour 
dapih. Anchor 1h11 upstream and of 1h11 vane log with footer rodes as 
specified. Place backing log behind/upstream of vane log. 

3. Attach geotextlle fabric and ledger to upstream side of vane log 
just below top of log so that fabric will not be exposed ofter 
backfllllng. Nalls shall be minimum 6-lnch lengtt, sinker nails. Nall 
spacing shall be no more than 12 inches. Also, instoll geotaxtile on 
upstream side of throat rocks. 

4. ~te trend-a gt throat and plgce footer gnd slll rodes at 
specified elevations. 

5. 1h11 Construction Manager shall Inspect the orientation and elevation 
of Iha struc:ture prior to bac:kfllllng. Backflll upstream side of vane log 
with ngtlve grgyel and cobble. Bgckflll shCJII be obtCJlned from 
stoclcplled mCJterlal or excavated from downmeam pool. 

6. A floodplaln grade control slll shall be constrvctecl of log or rock 
and shall be keyed into the floodplain no lass than 50% of the 
maximum rlffle dep-th. The vane log shall be placed on top of the 1111 
log. Rootfans of the slll log and vane logs shall be placed at 1h11 edge 
of the bCJnkfull chCJnnel. The top of floodplgln grade control ,111 shCJII 
be 0.5 feet below bankfull elevation and covered with 0.5 feet of 
sod/ shrub transp lo n1s. 

7. Excavate pool according to typlcal pool dimensions, Use excavated 
material to backflll structure, or haul to a locatlon approved by the 
Construction MClnCJ'ller, 

8. Notify the Construction Manager of any proposed changes prior to 
lmplementatlon. The Construction Manager reserves the right to modify 
structure design specifications during construction, If wa rrantecl, due to 
unforeseen conditions. 

STRUCTURE DIMENSIONS 
A = BANKFULL WIDTH 25 ft 

B = ARM/THROAT WIDTH 8.3 ft 
C = FLOODPLAIN SILL WIDTH s ft 

D = LINEAR VANE ARM LENGTH 2.,4 ft 

E = MAX. POOL DEPTH 4.1 ft 
F = MAX. POOL SCOUR DEPTH 5.0ft 
G = THROAT DEPTH 1.8 ft 
H = MAX. R.UN SCOUR DEPTH 2.4 ft 
J = MIN. ROCK DIA. 3 ft 
K =MIN.VANE LOG DIA. 18-24 In 
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EXAMPLE OF A CONSTRUCTED SOIL LIFT 

SWJRE LIFTS WITH DRIVEN WOOD STAKES 

INNER LAYER - BloD-Llnor IRolanka lm'Q 
OR EQUIVALENT MESH FA..,IC LINER 

OUTER LAYER - 1;o0-MAT ~0 (Rolonko 1"''1) 
OR EQUIVALENT WOVEN COIR FA&RIC 

INSERT WIUOW CUTTINGS 
BETWEEN LIFTS 

ENGINEERED SOIL LIFT DETAIL 

LWD 

2 4-9-07 

1 3-06-07 

CROSS-SECTION 
(TYPICAL) 

LWD JAM w I SOIL LIFT 
CROSS-SECTION 

(TYPICAL) 

JM FINAL 
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CONSTRUCTION NOTES: 
1, Excavata trench and Jet footar logs at maxlll'l.lm scour depth. U. footer 
logs with minimum diameter and stem length as speclfl'ed • 

2. S.. rootwad logs on footer logs. Place log1 stems sloplng downward Into 
bank from edge of watar. Usa raotwad bgs with milWl'Mn fan diafflllttlr and 
stam l•"ij!th a s spacitied . 

3 Ploc:e odditionol log1 and woody debris into trench to act ot deflector logs 
ond habtfat cover. Number and .size of hobhut logs may vary from strvctures 
shown, 

4. Ballast structure with cable and cap rodes of minimum dlametllr as sp«tfl•d • 
Set cap rodes below bartlcfvll elevation on overlapping logL The Constrvctton 
Manager shall l,wped and approve all structures prtor to badcftlllng • 

,5. Backfill voids with nativa grav1tl and cabble to minimira gaps and pipmg of 
wahtr. Cover with 10d mats and stuub transplants of bonkfull el...,atlon • 

6. Space structures as specified • 

7. NoHfy Construction Manager of any propONd changes prtor to 
implementation. The Construction Manager rllNl"Vlls the rignf to modify structure 
design specifications during construction if warranted due to lnfonneen 
canditioru. 

STRUCTURE DIMENSIONS 

A, MAX. SCOUR DEP!li 

B, Ml~. CAF ROOC DIA. 

C, MN. ROOT FAN DIA. 

D, MN. FOOTER LOG DIA. 

E, AVG. STRUCTURE SPACING 

F, AVG. STRUCTURE LENG!li 

G, AVG. STRUCTURE WIDTH 

H, ROOTWAD STEM LENGTH 

IC, BANK KEY-IN DISTANCE 

J, FOOTER LOG STEM LENGTH 
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SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 

CONSTRUCTION NOTES: 

1. Plugs shall be constructed from a 
mixture of graded pltrun and notlve 
soils. The Construction Manoger shall 
determine o suitable source for fill 
materlol. 

2. Fill moterial sholl be compocted in 
one foot llfts. A sheeps foot roller 
shall be used to compact the fill 
material. 

3. The ends of eoch plug sholl hove o 
slope of 3: 1 . 

4. Cresrs of plug structures sholl be 
one foot obove adjacent ground/or 
floodplain elevation. Elevation 
differences of successive plug crests 
shall be no more than one foot. 

5. The entire suface of the plug shall 
be sodded, seeded and/or planted 
with containerized shrubs. 

2 

NO. 

4-9-07 JM 

4-01-07 JM 

DATE BY 

STRUCTURE DIMENSIONS 

A = CHANNEL WIDTH VARIES 30' TO 45' 

B = CHANNEL DEPTH VARIES 3' TO 4' 

C = CREST WIDTH MIN.12' 

D = PLUG BOTTOM WIDTH VARIES 36' TO 42' 

E = PLUG HEIGHT VARIES 4' TO 5' 

F = PLUG SIDE SLOPES 3:1 

EXAMPLE OF A CONSTRUCTED PLUG 

FINAL 

DESIGN 

REVISION DESCRIPTION 

ABANDONED CHANNEL 

TYPICAL CHANNEL PLUG DETAIL 
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ELJ Rootwads ELJ Footers Vane Logs Backer Logs Washed cobble Rock rip rap Vegetated Soil Lift Material Habitat Rock Boulders
12"-18" dia 18"-24" dia 18"-24" dia 18"-24" dia Minimum 7-inch d50=18" Round Cobble NAG C125 700 Coir Mat Coir Log Willow Cuttings Wooden Stakes pieces Min 3-ft. diam.

15-ft. 15-ft. 40-ft. 40-ft. round alluvium 7-12 inch 12-inch dbh
Site Station-start Channel Feature Min. 3-ft. fan No Rootwad 3' Rootwad No. CY CY CY LF LF LF No. No. 30-ft. length CY

250 TOR 2 2 0
292.5 BOR 1 1 1 20 5 2
302.5 MAX PL
312.5 TO RUN 20

A 330 BO RUN 6 6 10
339 MAX PL
348 TO RUN
368 BO RUN 4 4 6
377 MAX PL
386 GLIDE 20

396.5 TOR
396.5 - 631 360

449.5 BOR 6 6 10 2
459.5 MAX PL
469.5 TO RUN 20

B 494.5 BO RUN 6 6 10
503.5 MAX PL
512.5 GLIDE 20
523 TOR
541 BOR 30

C 551 MAX PL
561 TOR 20
579 BOR 2
589 MAX PL
599 TO RUN 20

D 621 BO RUN 6 6 10
631 MAX PL
641 TO RUN
659 BO RUN 6 6 10
669 MAX PL
679 GLIDE 20
686 TOR 20
734 BOR 2 2 4 10
744 MAX PL
754 TOR 20

E 815 BOR 20 8 30
825 MAX PL
835 TO RUN 20
855 BO RUN 6 6 10
865 MAX PL
880 GLIDE 20
894 TOR
924 BOR 30

F 936.5 MAX PL
949 TOR 20
979 BOR 4 4 1 1 20 8 2
989 MAX PL
999 TO RUN 20

G 1024 BO RUN 4 4 10
1036.5 MAX PL
1049 GLIDE 20
1063 TOR 20
1113 BOR 6 6 10

1125.5 MAX PL
1138 TO RUN 20

H 1163 BO RUN 6 6 10
1173 MAX PL
1180 GLIDE 20
1190 TOR

63 62 4 4 760 117 221 669 669 669 3500 335 8 104

VSL Single VSL Double

36 20

18 21 XS 4 to XS 10 - 360 CY (FILL)

20 22 XS 11 to XS 17 - 353 CY (CUT)

17 18 Abandoned Channel Plugs - 700 CY (FILL)

10

68

30

100

91 289

Earthwork

SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019 
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